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I, Victor Langen, a German citizen, of 
49 Klosterstrasse; 4 Dusseldorf, Gennany, 
trading as Langen & Co., do hereby declare 
the invention, fox which I pray that a 

5 patent may be granted to me. and the 
method by which it is to be performed, tO 
be particularly described in and by tiie 
following statemeitf: — 

This invention relates to hydro-pneumatic 

10 suspeiisions for wheeled vehicle& 

It is known to suspend vehides hydro- 
pneumatically by providing for each of the 
vehicle wheels a hydraulic cylinder on the 
vehicle frame, each of the wheels being 

15 fastened to the piston rod of the hydraulic 
cylinder associated with it, while Ihe upper - 
end of the cylinder is connected to a hydro- 
pneumatic pressure accumulator. It is 
further known, in the case of ^ch an 

20 arrangement, to connect the hydraulic 
cylinders of two wheels of the vehicle, for 
example the front and rear wheels of the 
vehicle on one side of the vehicle, by a 
liquid pipe. The invention aims at an 

25 improvement to such an arrangement with 
the object of preventing the vehicle f rom . 
adopting an oblique position in the case of 
a change in the static load, for example due 
. to the placing of a load which acts 

^0 principally on one axle. 

According to the invention, a hydro- 
pneumatic suspCTsion for wheeled vehicles, 
wherein each of the vehicle wheels is con- 
nected to the piston a hydraulic cylinder, 

35 one cylinder to each wheel, the top pressure 
spaces in the cylinders being connected to 
a hydro-pneumatic pressure accumulator, 
the cylinders assodated. with two wheels 
being mutually connected by a liquid pipe, 

40 is characterised in that one of the cylinders 
of such an interconnected pair of cylinders 
is constructed as a single-acting cylinder 
and the other cylinder of a said pair is 
[Price 48. 6d.] 
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constructed as a double-acting cylinder, and 
that the said interconnecting liquid pipe 45 
connects the top pressure space in the 
single-acting cylinder to the bottom pressure 
space in the double-acting cylinder. • - 

Thus, the effective top piston surface of 
the single-acting cylinder and the bottom 
piston surface of the double-acting cylinder 
stand in a specific ratio, the value of which 
is determined by the .position of the point 
of attack of the load with respect to the 
cylinders; it is ther^ore convenient in many 55 
cases to make the said two piston surfaces 
of equal noagnitude. 

Between each of the cylinders and its 
pressure accumulator, throttle elemeats may 
be arranged in manner known per se. An ^ 
ad|ustable throttle element may be disposed 
in tte said liquid pipe. A further pressure 
accumulator may be connected to the 
bottom pressure space of the double-acting 
cylinder. 

Embodiments of the invention are shown, 
diagrammatically, in the accompanying 
drawings, wherein : — 

F5g. 1 show« one embodfiment of the 
invention; 

Fig. 2 shows another embodiment of thtj 
invention; and 

¥ig, 3 shows" a modification of the- 
embodiment shown in Fig. 2. 

In Fig. 1 a front wheel 1 of a vehicle is 75 
connected to a piston 2 in a single-acting 
cylinder 3, that is a cylinder having a 
pressure space at only one side of the 
piston, the top pressure space 3' of t'le 
cylinder being connected by a pipe 4 to a 
hydraulic pressure accumulator 5. A reir 
wheel 9 of the vehicle is connected to t':e 
piston 8 in a double-acting cylinder 7, that 
is a cylinder having pressure spaces at both 
sides of the i^ston, the top pressure spact" 
being connected by a pipe 10 to a hydraulic 
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pressure accumulator U. The top pr«sure 
space 3' in th& cylinder 3 is also connected 
by a pipe 6 to the bottom pressure space ! 
of th4 Sunder 7 (in this specification the 
• 5 term « tottom in respect of the cylwder. 
the pressure spaces therein and the piston, 
means the iide of the piston which is con- 
nected to the piston rod. whilst the term 
" too" refers to die other side of the piston). 
10 In the embodiment of the '"vention 
shown in Fig. 2. a throttle element 12 is 
placed in thi pipe 4, a throttle 
is placed in the pipe 10, and a. throttle 
element 14 is placed in the pipe 6. A 
15 pressure accumulator 15 is connected - ^ 
thl^pe 6 between the throttle ^^^^^^^ 
and the bottom pressure space 7 of - tde 
cylinder 7. The throttle etem^ts 12 13 
and 14 may be of any suitable- tond; .in the 
20 Imbodiment shown in Fig. 2 they comist 
of two paraUel- connected, oppositely- 
oriented non-return val>«.sRl and R^^^ 

two adjustable throttle PO™^J^.L^°^f *^the 
Fie -3 -shows a modification of ine 
25 embldiment shown in Fig. h^f^^V/'^f 
tte supplementation of "Sbt-hand^side 
of Fia^2i that is ths rear wheel portion, by 
a levll regulating device. A level regulating 
val^ 16 Vconlected fixedly to a part of 
30 the v^de chassis (in the present ^ ™ 
th^ cvlinder 7) and it connectes the top 
p^nS^ce 7" of the cylinder 7. by way 
bf a pipe 17. either to a pipe 18 or to a 
pi^ 19 depending upon the dorecUon^ of 
achLtion The pipe 18 is connected to a 
source 20rand the pipe 19 is con- 
nected to a stora^ container 21. . 

The actuation of the valve .16 is effected 
by way of a valve slide . 22 which is con^ 
40 nectcd by way of a spnng element 23 to 
a bracket 25 iscured to the pi^on rod 24 
of the piston 8 in the cylinder 7/ , ; „ 
The apparatus operates m the followmg 

45 ™men'lhe vehicle is unladen, the P^ons 
2 and 8 ^ume. for example. P^tioas 
• IhTn in Figs. 1 and 2. H the ve^te « 
then loaded in such a way that a load^ 
iSin ^e axial direction of the ^er 

50 7 then the pressure m the tap pi«ssure 

^ space 7" inc^^: «>nsequentiv hqgid .s 
displaced through the pipe W aMthe 
throttle element 13 into fte pre»urc 
accumulator 11 Gorrespondmg to the 

55 StiS of liquid ^ displaoJd. the piston 
IWvis upwards by a specie amoMU^for 

tiu* liauid pressure m the pressure 
65 ^Stor 5^ was of equal value to the 



Uquid piessure in. the top pressure space 3'. 
no Uquid can b& drawn out of the pressure 
accumulator 5. Since, in this example, the 
top piston surface 2' of the piston 2 is of 
equal magnitude to the bottom piston sur- 70 
See 8' of the piston 8, the piston 2 moves 
upwards by the same amount as the piston 
8 so that its top piston surface 2' assumes 
the position indicated by the broken hne :n 
the cylinder 3. The two cylinders 3 and 7 75 
^erefore descend equaUy wuth respect to 
the vehicle wheels 1 and 9, that is the 
vehicle frame doss not assume an oblique 
position due to the load P. In the ca^ of 
a downward movement of the piston a m 5U 
the cylinder 7, the process occurs m inverse 

mamier. < or * 

In the above description, only the effect 
oLa stadc load change has been described. 
Under dynamic travelling conditions, tor 85 
example when travelling over a corrugation 
h in the ground, the mutual mfluenc© 
between the cylinders 3 and 7 may ^be 
Kibble, it is largely obvi^ed by toe 
inertia of the masses which have to be 90 
moved, and by the dampmg properties ot 
Se system. The Uquid in this ^se is 
prindpaUy displaced into, or removed from 
the corresponding pressure apCHmulators 5. 
11 A further means of reducmg undesir- 95 
able movements is constimted by the 
throttle element 14 incorporated m the pipe 
6 By means of this throttle elemsnt J4. 
the oil stream between the two cylmders is 
sufficiently throttled so .that, .although a lOO 
slow pressure equahsation is w)ssible 

5 of a large quantity of bquid 
The prevention of cavitation 

in the bott<Mn piessure spa<» 7 m tne 
cyliS« 7 may b? achieved by the pres^c 105 
accumulator 15 whi<* covers the alternating 
liauid requirranait in the annular ^ce 7 
in the case of strong throttling m the pipe 

6 by the throttle element 14. The throttlo 
elements 12 and 13 serve for adjusting HO 
favourable damping properties in vas, 

i?1™*£ required to maintain 
ooi^^ ground clearance of the ve^cle 
l^r. it is advisable^ to use a lewl 115 
reeidating valve 16 as shown in Fig. 3 m 
me the presence of an adequately 
ItoCTsioned liquid source in tte vehick is 
assumed. The adjustment of the valve 
slide 22 is effected as a consequent ot 120 
relatiVe movemwits between the <grhnd«r / 
S<J the wheel 9. The transmisswMi of ttese 
movements is eflEected by way of the sMfflg 
Sement 23. which connecte the valve slide 
22 to the bracket 25 on the piston rod 24. 123 
If the wheel 9 springs rapidly m a^ o"* 
again, for example, due to the irregulan^ 
Khe road. then, these movements are 
absorbed by the spring element 23. due to 
tite ra&^ of sucfc ti^vements and to the 130 
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inertia of the valve slide 22, and they are 
not transmitted to the level regulating valve 
16. Such a transmission is, on the con- 
trary, performed only in the case of 
5 extremely siow movements. In such a case, 
a movement of the piston 8 towards the 
top of the cylinder 7 produces an adjust- 
ment of the level regulating valve 16 in such 
a way that liquid flows from the pressure 

10 source 20, by way of pipes 18 and 17. into 
the top pressure space T' in the cylinder 7. 
and thereby raises the latter until an 
equalisation is obtained. In the case of a 
movement of the piston 8 towards the 

15 bottom of the cylinder 7, a release of liquid 
out of the top pressure space 7" occurs, by 
way of the pipes 17 and 19, into the storage 
container 21. likewise until an equalisation 
is brought about. 

20 WHAT I CLAIM IS :— 

1. Hydro - pneumatic suspension . for 
wheeled vehicles, wherein each of the 
vehicle wheels is connected to the piston 
of a hydraulic cyHnder. one cylinder to 

25 each wt^l. the top pressure spaces in the 
cylinders being connected to a hydro- 
pneumatic pressure accumulator. the 
cylinders associated with two wheels being 
mutually connected by a liquid pipe, 

30 characterised in that one of the cylinders of 
such an interconnected pair of cylinders is 
constructed as a single-acting cylinder and 
the other cylinder of a said .pair is con- 
structed as a double-acting cylinder, and 



that the said interconnecting liquid pipe 35 
connects the top pressures space in the 
single-acting cylinder to the bottom pressure 
space in the double-acting cylinder. 

2. Hydro-pneumatic suspension accord- 
ing to claim 1, characterised in that the top 40 
piston surface of the single-acting cylinder 
and the bottom piston surface of tne double- 
acting cyhnder are of equal magnitude. 

3. Hydro - pneumatic suspension accord- 
ing to claigi 1 or 2, characterised in that 45 
throttle elements are disposed in the con- 
nections of the top pressure spaces of the 
two interconnected cylinders to the 
respective pressure accumulators. 

4. Hydro - pneumatic suspension accord- 50 
ing to claim 1, 2 or 3. characterised in that 

an adjustable throttle element is <Usposed 
in the said interconnecting liquid pipe. 

5. Hydro - pneumatic suspension accord- 
ing to any one of claims 1 to 4, characterised 55 
in that the bottom pressure space of the 
double-acting cylinder is connected to a 
pressure accumulator. 

6. Hydro - pneumatic suspension for 
wheeled vehicles, substantially as described 60 
herein and shown in the accompanying 
drawings. 
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